Abstract
INTRODUCTION
In surgery for acute Stanford Type A aortic dissection, femoral cannulation has been traditionally used for the perfusion of cardiopulmonary bypass (CPB) because of the involvement of the ascending aorta; however, retrograde perfusion with femoral cannulation can cause an inadequate flow distribution between the true and false lumens, leading to a malperfusion of the organ [1, 2] . Recently, axillary cannulation has been more frequently used to obtain better physiological perfusion [3] [4] [5] . However, axillary cannulation is also associated with complications including local dissection, malperfusion and plexus injury [6, 7] . Options for antegrade perfusion in acute Type A dissection includes Seldinger aortic [8, 9] , left ventricular apical [10] and left atrial cannulation [11] ; however, each of these techniques has its own advantages and drawbacks. In our institution, Kitasato University Hospital, the standard cannulation option involved both axillary and femoral approaches, and Seldinger aortic cannulation was also performed in the selected cases until October 2013, when we adopted 'Samurai' cannulation, which is a modified version of the direct true-lumen cannulation [12] [13] [14] [15] . In this study, we analysed early outcomes of 100 consecutive patients who underwent surgical aortic repair for acute Stanford Type A aortic dissection and compared the results of Samurai cannulation with other cannulation options.
MATERIALS AND METHODS

Patients and methods
This was a single-centre retrospective study aimed at comparing the initial outcomes of Samurai cannulation with those of other cannulation options in surgery for acute Stanford Type A aortic †Presented at the 31st Annual Meeting of the European Association for CardioThoracic Surgery, Vienna, Austria, 7-10 October 2017. dissection. From April 2011, when our department changed its policy to actively accept aortic emergency cases, to April 2017, 100 patients underwent proximal aortic surgery for this condition at the Kitasato University Hospital. Sole Samurai cannulation was utilized in 61 patients (Group S) and other cannulation options were applied in the remaining 39 patients (Group O). Patient medical records were retrospectively reviewed for preoperative demographics, operative data and postoperative outcomes. In Samurai cannulation, the low perfusion time before the CPB was defined as the time from commencing venous drainage to securing the first aortic tourniquet. Cooling time during the CPB was defined as the time required to reach target temperature from the initiation of CPB. Aorta-related death was defined as death due to rupture, malperfusion or in-hospital mortality after the aortic surgery. An aortic event was defined as aorta-related death, an aortic intervention including both open aortic surgery and stent grafting, aortic enlargement with a maximum diameter of >60 mm, aortic rupture, impending rupture or the formation of an anastomotic pseudoaneurysm.
Surgical technique
Before the surgery, invasive blood pressure monitoring was ensured in both radial arteries and one of the dorsalis pedis arteries. Both bladder and rectal temperature were monitored, and transoesophageal echocardiography was performed. Noninvasive regional cerebral oximetry was measured at the forehead using near-infrared spectroscopy. After median sternotomy, if it was possible to perform total arch replacement, the right brachiocephalic and left carotid arteries were exposed prior to pericardiotomy. In cases without femoral cannulation, a 4-Fr introducer sheath was inserted into the femoral artery for later use. Following pericardiotomy, an epiaortic scan was performed to examine the status of the ascending false lumen.
In Samurai cannulation, dissection was commenced around the ascending aorta at the roof of the pulmonary artery bifurcation. Blunt dissection was normally not difficult even if a haematoma was present between the ascending aorta and the pulmonary artery. Two umbilical tape tourniquets were then placed around the aorta (Fig. 1A) . After heparin administration, the patient was ventilated with pure oxygen before subsequent transient circulatory arrest. A left ventricular vent was then inserted via the right upper pulmonary vein, and a right atrial drainage cannula was inserted from the appendage; a retrograde cardioplegia cannula was then inserted. Once adequate activated coagulation time was confirmed, left ventricular venting and venous drainage were initiated in the head-down position. When the blood pressure dropped to 30 mmHg, which normally took 10-15 s, the primary surgeon pulled up the aorta using his left hand, and both adventitial and intimomedial walls of the dissected ascending aorta were simultaneously incised using large Metzenbaum scissors (Fig. 1B) . While blood welled up from the aorta, the perfusion line was run at a low flow rate and then directly and gently cannulated into the true lumen (Fig. 1C) . As blood gushed out of the aorta, the aortic tourniquets were snared; subsequently, the aorta was deaired, and a CPB was established at a perfusion rate of 2.4-2.5 l/m 2 , followed by retrograde cardioplegia and systemic cooling. When the ascending false lumen was thrombosed, care was taken not to drop any clot into the true lumen. A 24-Fr cannula with a bump (APC024B, Edwards Lifesciences, Irvine, CA, USA; Select Series 72224, Medtronic, Minneapolis, MN, USA) was used for Samurai cannulation. The cannula was fixed to the sternal wound retractor ( Fig. 1D and Video 1).
Femoral cannulation was performed using the Seldinger technique. Axillary perfusion was performed through a 10-mm vascular graft anastomosed to the axillary artery. Seldinger aortic cannulation was performed under epiaortic echo guidance. In cases of carotid malperfusion, the affected cervical carotid artery was exposed beforehand, and if the regional cerebral oxygen saturation decreased after commencing CPB, the carotid artery was transected and directly cannulated. The perfusion temperature was maintained within 10 C below the bladder temperature. The superior vena cava was cannulated and snared for retrograde cerebral perfusion. When moderate hypothermia was achieved at a bladder temperature of 25-28 C, circulatory arrest was initiated with a short period of retrograde cerebral perfusion. Aortic tourniquets were released, the aorta was incised distally and retrograde cerebral perfusion was replaced by selective cerebral perfusion (High Flow SP Stud Catheter, Fuji Systems Corporation, Tokyo, Japan). A distal aortic anastomosis was created with inside and outside Teflon felt strips before, within or beyond the aortic arch depending on the location of the primary entry and the extent of dissection. In cases of total arch replacement, the elephant trunk technique [16] was used instead of inside Teflon felt until December 2014; thereafter, the frozen elephant trunk [17] (J Graft open stent graft; Japan Lifeline Co., Ltd, Tokyo, Japan) was used. After the distal anastomosis was completed, the descending aorta was deaired by femoral perfusion via the introducer sheath or the femoral cannula, and the vascular prosthesis was clamped. CPB was restarted by perfusion via the side branch of the prosthesis, and the patient was rewarmed. In cases of supracoronary aortic replacement, the proximal anastomosis was performed with inside and outside Teflon strips during rewarming, and the aortic clamp was removed after deairing.
Statistical analysis
JMP 12 software (SAS Institute, Cary, NC, USA) was used to perform statistical analyses. Continuous variables are presented as means ± standard deviations. The Student's t-test was used to analyse differences in continuous variables, and the Fisher's exact test was used to compare categorical variables. Survival, freedom from aorta-related death and aortic events were assessed using the Kaplan-Meier analysis, and values are presented as means ± standard errors. Groups were compared using the logrank test. A P-value <0.05 was considered statistically significant. Table 1 presents the demographics of the 100 patients, of which 52 were men. The mean age was 65 ± 13 (range 38-88) years. The mean body weight was 62 ± 15 (range 30-119) kg, and the mean body surface area was 1.6 ± 0.2 (range 1.1-2.3) m 2 . Fifteen patients had DeBakey Type II dissection, and 21 had thrombosis of the ascending false lumen. Five patients were in shock, and 9 developed a new neurological disorder after the onset. Sole Samurai cannulation was used in 61 patients (Group S) and other cannulation options were used in the remaining 39 patients (Group O). After Samurai cannulation was started in October 2013, other cannulation options were used in 21 patients for the CONVENTIONAL AORTIC SURGERY following reasons: in 11 patients, the attending surgeon was not accustomed to Samurai cannulation; in 8 patients, Seldinger aortic cannulation was achievable and in 2 patients, preoperative shock necessitated an urgent femoral venoarterial extracorporeal membrane oxygenation (ECMO), which was switched to ordinary CPB after sternotomy. The femoral arterial cannulae were used for the perfusion of CPB in these 2 cases. No significant difference was observed between the groups in the preoperative demographics.
RESULTS
In Group S, true-lumen cannulation was successful and sufficient perfusion flow was obtained in all patients. No collapse of the true lumen or development of a new false lumen of the descending aorta was observed on transoesophageal echocardiography in any patient. In 21 patients in Group S, a low perfusion time before the installation of CPB could be measured on the recorded video; the mean low perfusion time was 43 ± 10 (range 28-65) s. Regional cerebral oxygen saturation was stable during CPB in all patients except 2 in whom the true lumen of the common carotid artery was shown to be occluded on the preoperative computed tomography scan. In these patients, the cervical carotid artery was transected, and selective perfusion was performed.
Aortic repair procedures for the 100 patients included 8 aortic root replacements, 57 ascending aortic replacements, 8 partial aortic arch replacements with brachiocephalic and carotid reconstruction, 26 total arch replacements and 1 David procedure plus total arch replacement. Eight patients underwent concomitant procedures: aortic valve replacement in 2 patients; cervical carotid reconstruction in 2 patients and coronary artery bypass grafting, femoral venoarterial ECMO, coronary artery bypass grafting plus femoral venoarterial ECMO and coronary artery bypass grafting plus central ECMO in 1 patient each. The 2 patients who received femoral venoarterial ECMO had DeBakey Type I aortic dissection. Cardiovascular surgery trainees performed 34 of the surgeries, which were typically straightforward cases, in which the primary tear was located in the mid-ascending aorta (root replacement, 1; ascending replacements, 25; partial arch replacements, 2 and total arch replacements, 6). The proportion of isolated ascending replacements or trainee-performed cases between the groups was not significantly different. There were 3 cannulation-related complications in Group O: 2 axillary artery dissections and 1 iliac vein injury due to femoral cannulation. No complications related to Samurai cannulation occurred. Table 2 describes the operative data. Samurai cannulation was associated with a shorter time for CPB installation, faster cooling and a shorter CPB time than other cannulation options. Myocardial ischaemic time and hypothermic circulatory arrest time did not vary according to the type of cannulation. The 30-day and in-hospital mortality (up to 232 days) occurred in 3 (5%) and 4 (7%) patients in Group S and in 3 (8%) and 6 (15%) patients in Group O, respectively. The 2 patients with preoperative shock who required urgent femoral ECMO survived after prolonged ventilation. Of the 3 patients who received postoperative ECMO, only 1 patient with femoral venoarterial ECMO recovered without complications and became a long-term survivor. Four patients in each group (7% and 10%) experienced disabling or fatal strokes; 2 patients in Group S recovered during the subsequent follow-up. No significant difference was observed in early mortality or stroke rate between the groups (Table 3) .
The 100 patients were followed up for 849 ± 600 (range 1-2354) days. Survival at 1 and 3 years was 93 ± 3% and 91 ± 4% in Group S and 82 ± 6% and 75 ± 7% in Group O (P = 0.052), respectively; freedom from aorta-related death at 1 and 3 years was 93 ± 3% and 93 ± 3% in Group S and 82 ± 6% and 82 ± 6% in Group O (P = 0.078), respectively, while freedom from aortic events at 1 and 3 years was 87 ± 4% and 81 ± 6% in Group S and 79 ± 7% and 75 ± 7% in Group O (P = 0.68), respectively. No statistically significant difference was observed in mid-term outcomes between the groups (Figs 2-4) .
DISCUSSION
Femoral artery cannulation was the classic and standard technique for CPB during surgery for acute Stanford Type A aortic dissection. However, retrograde perfusion may cause the compression of the true lumen, leading to the occlusion of arch vessels or organ malperfusion [1, 2] . Retrograde embolism or comorbid peripheral arterial disease can also be a concern. Compared with femoral cannulation, axillary artery cannulation is often preferred [3, 4, 18] and is reported to be associated with better early results [19] . However, it is not a perfect solution; problems including the dissection of the cannulation site, malperfusion and plexus injury have been reported to be associated with axillary cannulation [6, 7, 20] .
Various other techniques for obtaining antegrade perfusion have been reported, including ascending aortic true-lumen cannulation using the Seldinger technique [8, 9] , left ventricular apical cannulation [10] , transatrial left ventricular cannulation [11] and direct true-lumen cannulation [12] [13] [14] [15] . If there is some undissected aspect on the ascending aortic wall, then Seldinger cannulation can be safely performed, but this is not suitable if there is a full-or near-circumferential dissection in the ascending aorta because of the risk of false-lumen cannulation or bleeding from the purse-string suture [9] . During left ventricular apical cannulation, positioning the heart for cannulation before installing the CPB can cause haemodynamic deterioration, and bleeding complications after decannulation can be a concern. In transatrial left ventricular cannulation, left ventricular distension after hypothermic ventricular fibrillation and pulmonary oedema due to mitral regurgitation are also of concern; this technique is also suboptimal if there is a significant aortic stenosis. Jakob et al. [12] were the first to report a case series in which direct true-lumen cannulation with oblique aortic cross-clamping was used in surgery for acute Type A aortic dissection. Conzelmann et al. [13] have also reported a series of direct truelumen cannulations using a Mersilene tourniquet as a routine option. Major concerns associated with direct true-lumen cannulation include pericannular leakage, aortic wall injuries due to snaring, air embolism and organ damage caused by normothermic circulatory arrest on cannulation. In our technique, an arterial cannula with a bump and a double tourniquet technique are used to eliminate pericannular leaks with modest snaring. On cannulation, the patient is placed in the head-down position, the perfusion line is run at a low flow rate and the cannula is gently inserted into the true lumen where blood continuously wells up; thus, the aorta is completely deaired when the tourniquets are secured. In addition to venous drainage, left ventricular venting is used to reduce the time required for the pressure drop before incising the ascending aorta. According to previous reports, it takes 90-120 s to establish CPB [12, 13] , whereas in our series, it took only 43 ± 10 (range 28-65) s. Unlike out-of-hospital cardiac arrest, less is known regarding the safety margin of anaesthetized and fully heparinized normothermic circulatory arrest, but obviously the shortest arrest possible is desirable. Perioperative stroke rate associated with Samurai cannulation in our study was comparable to recently reported rates: 7% vs 3.4-6.9% [21] [22] [23] . The stroke rate is influenced not only by the cannulation technique but also by the strategy for the aortic arch procedure or intervention on carotid malperfusion. In addition, surgical procedures for acute Stanford Type A aortic dissection normally require hypothermic circulatory arrest with some form of brain protection, which is also associated with a certain risk of stroke. Needless to say, a large-sized study is now required to prove the safety of Samurai cannulation in terms of stroke. If concerns related to Samurai cannulation complications persist, the surgeon might as well expose or cannulate the femoral artery to reinforce safety before incising the aorta.
In our study, Samurai cannulation was associated with slightly better outcomes than other cannulation options, although the difference was not statistically significant. Reasons for this may be the effect of our own learning curve on the rest of the procedure other than the cannulation technique or differences in outcomes between the attending surgeons. In any case, early survival with an in-hospital mortality of 7% and a 1-year survival of 93% in our study is comparable to early survival rates reported elsewhere [21] [22] [23] .
In our series, the smallest body surface area of patients was 1.1 m 2 and the largest was 2.3 m 2 . Regardless of the body size of the patient, the same direct true-lumen cannulation technique always provides sufficient antegrade perfusion with a 24-Fr cannula. Samurai cannulation is also advantageous for patients with morbid obesity, peripheral arterial disease, an atherosclerotic descending aorta or an abdominal aortic aneurysm. Samurai cannulation is also associated with better cooling efficacy than other cannulation options. It enables the completion of the entire procedure for acute Type A aortic dissection within the chest, saving the peripheral arteries for possible future surgery for chronic dissection. The cannulated site will be replaced later without injuring any other 'innocent' artery. In addition, in an emergency, a CPB can be rapidly installed. Of course, how fast CPB can be induced in a patient depends on the work of the whole team including the induction of anaesthesia by the anaesthetists, preparation of the instruments by the operation theatre nurses, setup of the CPB circuit by the perfusionists and the operative procedure by the surgeons. Therefore, the whole strategy including cannulation option has to be decided on a case-by-case basis. This technique is feasible in most cases with acute Type A dissection, including those with circumferential dissection or a thrombosed ascending false lumen.
CONCLUSION
In summary, early outcomes of the initial series of surgery with Samurai cannulation were favourable with no cannulationrelated complications, 7% mortality and a 7% stroke rate. Each cannulation technique has its own advantages and disadvantages, but Samurai cannulation represents an easy, safe and reasonable 
